Background-Little is known about the relationship of stressful life events and alcohol craving in the general population, and whether a history of childhood maltreatment sensitizes individuals to crave alcohol after adult stressors.
INTRODUCTION
In recent years, alcohol craving has gained importance in alcohol research for several reasons, including the association between craving and poor course in both treated alcoholics (Breese et al., 2005 , Fox et al., 2007 , Sinha et al., 2009 , Pilowsky et al., 2013 , Higley et al., 2011 and in the general population (de Bruijn et al., 2005) . Further, the inclusion of craving as a new criterion for Substance Use Disorders in the DSM-5 (American Psychiatric Association, 2013) has drawn interest to the need to gain a better understanding of craving (Agrawal et al., 2011) . This includes elucidating the risk factors for alcohol craving, which can inform efforts aimed at the prevention and treatment of alcohol use disorders (Anton, 1999) .
Stress has been a widely investigated risk factor for alcohol craving (Sinha, 2001) in clinical samples (Fox et al., 2007 , Higley et al., 2011 , Sinha et al., 2009 . However, only a small proportion of individuals with a lifetime history of alcohol use disorders typically receive treatment (Cohen et al., 2007 , Hasin, 2013 . Thus, understanding the factors underlying stress-induced craving outside of a clinical context may provide valuable insight for the development of public health prevention and treatment strategies. In the general population, stressful life events are associated with heavy alcohol consumption (San José et al., 2000 , Dawson et al., 2005 , Young-Wolff et al., 2012 and with relapse among formerly alcohol dependent adults (Pilowsky et al., 2013) . However, whether stressful life events similarly increase the risk for alcohol craving in the general population remains unclear.
Investigation of the relationship between stressful life events and craving should incorporate factors that underlie variation in individual sensitivity to stress (Sinha, 2007) . The stress sensitization model (Keyes et al., 2011a) posits that the relationship of adult stressors to adverse health outcomes is determined, in part, by earlier exposure to childhood maltreatment and adversity (Sinha, 2007 , Hyman et al., 2007 , Harkness et al., 2006 , Keyes et al., 2012 . Three studies have supported the stress sensitization model for alcohol outcomes. In a U.S. twin sample (Young-Wolff et al., 2012) , stressful life events were associated with heavier drinking among women exposed to childhood maltreatment than among those without such exposure. In a sample of Israeli adults, the risk for current alcohol use disorders was increased among those exposed to wartime stressors, but only among those with a history of childhood maltreatment (Keyes et al., 2014) . In a predominantly African American community sample in Detroit, childhood maltreatment and neighborhood physical disorder were found to interact in predicting incident binge drinking (Keyes et al., 2012) . Determining if the stress sensitization model similarly holds for alcohol craving would provide novel evidence about an important element in vulnerability to alcohol outcomes. Therefore, this study addressed two primary questions. (1) What is the association between past-year stressful life events and alcohol craving among adult current drinkers in the general population? (2) Does a history of childhood maltreatment modify the relationship between past-year stressful life events and alcohol craving? In addition, given the high degree of psychiatric comorbidity in the general population (Krueger, 1999 , Hasin et al., 2007 , we explored whether incorporating internalizing and externalizing disorders into the analysis suggested the potential for more complex models. Psychological distress (an internalizing condition) may interfere with managing stressful life events (Sinha and Li, 2007) and also influence craving (Sinha, 2007) . Externalizing disorders may represent more general underlying vulnerability to substance disorder phenotypes (Hicks et al., 2004 , Kendler et al., 2003 . The research was conducted in a large national sample.
METHODS

Sample
Participants were drawn from the National Epidemiologic Survey on Alcohol and Related Conditions (NESARC), a representative sample of the civilian, non-institutionalized adult population of the United States, including individuals living in households, military personnel living off base, and people residing in select group quarters (Grant et al., 2004b) . The NESARC oversampled African Americans, Hispanics, and young adults aged 18-24, with one adult selected for interview per household. The survey was conducted in two waves: Wave 1, conducted in 2001 -2002 , and Wave 2, conducted in 2004 . Wave 2 included 34,653 of the original respondents, for a cumulative total response rate at Wave 2 of 70.2% (Grant et al., 2009 ). We analyzed data from Wave 2 because the alcohol craving and childhood maltreatment items were assessed in this wave. Of the Wave 2 respondents, 63.9% (n=22,147) were current drinkers (at least one drink in the past year) and were included in our analysis.
Measures
Outcome: Alcohol Craving-Alcohol craving was assessed with two separate measures. Moderate alcohol craving was indicated by a positive response to the question "In the past year, have you felt a very strong desire to drink?" Severe craving was indicated by a positive response to the question "In the past year, have you ever wanted a drink so badly that you couldn't think of anything else?" These questions were designed to measure the craving criterion in DSM-5 (American Psychiatric Association, 2013 . These or very similar items have been used in previous studies, including genetic studies (Ehlers et al., 2010 , Peer et al., 2013 , and the National Longitudinal Alcohol Epidemiologic Survey (Grant et al., 2004a , Compton et al., 2004 . A general population reliability study of alcohol dependence with similar craving measures also showed excellent test-retest reliability (Grant et al., 1995) .
Past-Year Stressful Life Experiences-Of the fourteen binary stressful life events in the past year measured at Wave 2, six were selected for this study based on their known associations with increased risk of psychopathology (Mazure, 1998 , McLaughlin, 2010 and heavy alcohol consumption (Dawson et al., 2005) . These included: (1) "Were you fired or laid off from a job?" (2) "Were you unemployed and looking for a job longer than a month?" (3) "Did you get separated, divorced, or break off a steady relationship?" (4) "Have you experienced major financial crisis, declared bankruptcy, or more than once been unable to pay bills on time?" (5) "Did you have serious trouble with the police or the law?" and (6) "Any family members or close friends died?" Recent NESARC studies of stressful life events and alcohol relapse used similar measures (Pilowsky et al., 2013) . The six responses were combined into a categorical variable representing experience of none, one to two, or three or more stressful events, consistent with previous research in the NESARC (McLaughlin, 2010) .
Childhood maltreatment-The childhood maltreatment measure is described elsewhere (Ruan et al., 2008) . In brief, it includes 19 items assessing five types of childhood maltreatment, adapted from the Conflict Tactics Scale (CTS) and the Childhood Trauma Questionnaire (CTQ), two empirically validated scales (Bernstein et al., 1994 , Straus, 1990 . Respondents were asked about events occurring prior to age 18, and response options ranged from never (1) to very often or always (5). Respondents were considered positive for physical abuse (18.5% of the sample) if they reported that a parent/caregiver had at least "sometimes" physically harmed or injured them. Respondents were considered positive for emotional abuse (8.1%) if they reported that a parent/caregiver had verbally abused, threatened, or made them fearful of violence at least "fairly often". Sexual abuse (10.5%) was considered positive if respondents had any sexual contact with an adult that was unwanted, or that occurred before the respondent was old enough to understand what was happening. The five emotional neglect items asked respondents if their family encouraged their success, made them feel special, was a source of strength and support, believed in them, or if the family was close-knit. These items were reverse coded ("never" having a value of 5) and tallied, with a score of at least fifteen indicating emotional neglect (8.5%). These thresholds are similar to those utilized in previous research , Afifi et al., 2011 . For physical neglect (7.3%), respondents were considered positive if they reported at least "fairly often" that a parent/caregiver made them do ageinappropriate chores, left them unsupervised before age 10, or did not provide them with basic materials, sustenance, or care. While previous studies have used a threshold of answering "sometimes" to any one of these items (Afifi et al., 2011 , Fenton et al., 2013 , Waxman et al., 2013 we set the threshold at "fairly often" to maintain a consistent level of severity (prevalence) across the five maltreatment types. The items underlying these maltreatment types have shown excellent intraclass test-retest reliability, with coefficients ranging from 0.79 for physical abuse to 0.88 for emotional abuse (Ruan et al., 2008) . To facilitate interpretation, a binary variable was created indicating experiencing at least one type of childhood maltreatment (31.1%).
Other covariates-All models controlled for gender, age (18-29, 30-33, 45-64, >65) , race/ethnicity (white, black, Hispanic, other), education (less than high school, high school/ G.E.D., some college, advanced degree) and parental history of alcoholism (biological father or mother ever an alcoholic or problem drinker), an AUDADIS measure with excellent testretest reliability (Dawson and Grant, 1998) .
Psychiatric comorbidity-To explore whether more complex models might be operating in the relationship between stress sensitization and alcohol craving, we used variables representing internalizing and externalizing disorders (Krueger, 1999) . Internalizing disorders were represented with a variable indicating past-year mood or anxiety disorders, including major depression, dysthymia, panic disorder, social phobia, specific phobia, or generalized anxiety, consistent with prior work on alcohol and life events (Dawson et al., 2005) . Externalizing comorbidity was defined with variables indicating lifetime antisocial personality disorder and past-year drug dependence (marijuana, cocaine, opioids, amphetamines, sedatives, tranquilizers, hallucinogens, inhalants, heroin, and other drugs) at Wave 2. Alcohol dependence was not included as an externalizing disorder because it was highly collinear with parental history of alcoholism, and is also highly collinear with craving (Agrawal et al., 2011 , Keyes et al., 2011b , the main outcome of the present study. Testretest reliability for internalizing and externalizing disorders is fair to excellent (Grant et al., 2003) .
Analysis
Weighted cross-tabulations were used to provide prevalence estimates and standard errors for alcohol craving and its relationship to socio-demographic characteristics and the primary study predictors (stressful life events, childhood maltreatment). Bivariate associations between craving and each primary predictor were tested with Pearson's chi-square. Multivariable logistic regression was used to obtain adjusted odds ratios (aOR) for past-year alcohol craving at each level of stressful events (no events, one or two events, or at least three events), with no events as the reference category. Statistical interaction was evaluated to determine whether the association between stressful life events and alcohol craving differed between individuals with and without a history of childhood maltreatment. Interaction effects were assessed on the additive scale, now the preferred method to test for interactions in epidemiology (Andersson et al., 2005 , Knol et al., 2011 , Kalilani and Atashili, 2006 . Interaction was assessed by back-transforming the parameters from a logistic regression model (which included stressful life events, childhood maltreatment, their interaction, and additional covariates) to the probability scale. These probabilities (prevalence) are used to separately estimate the risk difference (RD) at one or two and at least three stressful life events compared to no events, for individuals with and without childhood maltreatment. The estimate for the interaction term represents the interaction contrast (IC), or the "difference in risk differences" between those with and without childhood maltreatment. Adjusted and unadjusted ICs were calculated through the PRED_EFF command in SUDAAN, which uses sample weights to compute marginally predicted risk differences (Research Triangle Institute, 1989) . Wald-type t-tests were used to test if the IC was significantly (p<0.05) greater than zero, indicating that prior history of childhood maltreatment differentially influenced the risk for alcohol craving at the level of stressful events experienced.
In our primary analyses of main effects and interactions, we included demographics and parental history of alcoholism in the models (Model A). In our exploratory models of main effects and interactions, we added internalizing disorders (Model B), externalizing disorders (Model C) and internalizing plus externalizing disorders (Model D).
RESULTS
The prevalence of moderate alcohol craving among the 22,147 past-year drinkers was 3.41% (n=741), and the prevalence of severe alcohol craving was 0.84% (n=183). The prevalence of both craving measures differed significantly by gender (higher in males), age (higher in those under 30), educational attainment (higher in those with less than a high school degree), parental history of alcoholism, past-year internalizing disorders and the externalizing disorders (lifetime history of antisocial personality disorder and past-year drug dependence (Table 1) .
No past-year stressful life events were reported by 52.8% of the sample, 42.3% reported one to two events, and 4.9% reported three or more events (Table 2 ). While sex was not associated with the number of stressful life events, younger age, non-White ethnicity, lower educational attainment, parental history of alcoholism, and internalizing and externalizing disorders were associated with reporting more stressful life events. Further, history of childhood maltreatment was associated with past-year stressful life events (p<0.001).
Among individuals with such a history, 45.9%, 46.5%, and 7.6% reported no events, one to two events, and three or more events, respectively, while among individuals without such a history, 56.0%, 40.4%, and 3.6% reported no events, one to two events, and three or more events, respectively.
A direct relationship between the number of events and the risk of alcohol craving was observed (Table 3) . Among individuals with no stressful life events, the prevalence of moderate and severe craving was 2.41% and 0.33%, respectively. The prevalence of moderate and severe craving rose as the number of stressful events increased, from 3.96% and 1.02% among respondents who experienced one or two events, to 9.56% and 4.90% among respondents who experienced three or more events, respectively.
The risk of moderate alcohol craving was significantly elevated among participants who experienced stressful life events compared to those who experienced no stressful life events (Model A): one or two stressful events: aOR=1.53; 95% CI 1.24-1.90; three or more stressful events: aOR=3.15; 95% CI 2.30-4.33; Table 3 ). A significantly elevated risk of severe alcohol craving was also shown among participants who experienced stressful life events compared to those who experienced no stressful life events (Model A): aOR=2.54; 95% CI 1.58-4.08 and aOR=8.47; 95% CI 4.78-15.01, respectively.
The relationship between stressful life events and the prevalence of severe alcohol craving was modified by a history of childhood maltreatment (stress sensitization; Table 4 ). In Model A, the risk difference for at least three stressful events compared to no events was significantly greater among those with a prior history of maltreatment (RD: 4.6%, p<.001) than among individuals without a prior history of maltreatment (RD: 1.7%, p=0.005; IC: 2.8%, p=0.017).
In the exploratory analyses, main effects of stressful life events and childhood maltreatment on moderate and severe craving remained significant after adding internalizing and externalizing comorbidity (Models B, C and D). Adding the internalizing variable to the interaction model for severe craving (Model B) resulted in an IC of 1.6%, p=.07. Adding the externalizing variable (Model C) resulted in an IC of 1.6%, p=.11. Adding both internalizing and externalizing variables (Model D) resulted in an IC of 1.0, p=.20.
DISCUSSION
In a representative sample of U.S. adult drinkers, we report two notable findings from our primary analyses. First, the number of stressful life events experienced was associated with increased risk for both moderate and severe alcohol craving. Second, for severe craving, we found evidence for a stress sensitization effect due to childhood adversity, i.e., that the relationship between stressful life events in adulthood and severe craving was exacerbated by a history of childhood maltreatment, as indicated by a risk difference associated with multiple stressful events nearly three times as large among those with childhood maltreatment than among those without childhood maltreatment.
When faced with similar levels of stressful life events, individuals with a history of childhood maltreatment were more likely to experience severe craving than individuals without such a history. This finding suggests that the experience of childhood maltreatment may confer a lasting sensitivity to later stressful life events, and is consistent with prior studies that have found a similar interactive effect on alcohol outcomes including heavy alcohol consumption (Young-Wolff et al., 2012 , Keyes et al., 2012 and alcohol use disorders (Keyes et al., 2014) . The growing number of adverse outcomes associated with stress sensitivity due to childhood maltreatment identified in the literature highlights a vulnerable population that warrants special attention for prevention and treatment.
In exploratory analyses, the main effects of stressful life events and childhood maltreatment on both moderate and severe alcohol craving remained significant after adding internalizing and externalizing disorders to the models, albeit somewhat attenuated. These results suggested the possibility of partial mediation by psychiatric comorbidity, which should be explored in further studies.
The exploratory analyses adding internalizing and externalizing disorders to the interaction models of stress sensitization suggested that these disorders had a more pronounced and complex relationship to stress sensitization as a risk factor for severe alcohol craving. Addition of internalizing or externalizing disorders diminished the size of the IC to a similar extent. However, when both types of comorbidity were added, the IC was diminished further. Given the greater sample sizes needed to accommodate these additional covariates, these smaller ICs were no longer significant. These results suggest the operation of a more complex mediated moderation model for severe craving, in which stress sensitization may be mediated by both types of psychiatric comorbidity, perhaps with different implications from the influence of internalizing and externalizing disorders for etiology and intervention. Such a model should be investigated in future studies.
Interestingly, addition of internalizing and externalizing disorders appeared to operate in a completely different manner for moderate alcohol craving. Here, risk differences due to stressful life events were larger for those with no history of childhood maltreatment, a discrepancy that grew greater with the addition of internalizing, externalizing and both types of comorbidity to the models. The lack of significant ICs for moderate craving precludes any firm conclusions, but does suggest the merit of further work to better understand the relationship between proximal stressful life events and moderate alcohol craving.
Study limitations are noted. First, the cross-sectional data preclude establishing temporality. However, by definition, childhood maltreatment preceded the proximal life events and the experience of alcohol craving in the prior 12 months. Further, while alcohol craving could precede the occurrence of stressful life events, clinical studies indicated that stress is a likely precursor to craving (Fox et al., 2007 , Sinha et al., 2009 . Second, additional factors may be involved in the relationships we investigated. However, our primary analyses incorporated many key control variables, and the exploratory analyses further included several types of psychiatric comorbidity. These results suggested the operation of more complex models, which should be developed further in future studies. Nevertheless, the present study initiates this line of investigation by identifying the contributions of stressful events and their modification by childhood maltreatment, providing a foundation for the development of future models of stress sensitization. Third, those who had abstained from alcohol for at least a year were not asked about past-year alcohol experiences, including craving. While laboratory studies have shown that stress heightens cravings during abstinence in alcohol dependent individuals (Breese et al., 2005) , the duration of this phenomenon is unclear. Future studies could investigate whether drinking status (abstention vs. drinking) moderates the relationship between stress and craving and for how long any such effect persists.
Strengths of the study also warrant mention. These include the large, representative sample, (Grant, 2006) , inclusion of the alcohol craving items consistent with DSM-5, the ability to control for many potential confounders, and the availability of highly reliable and valid measures (Grant et al., 2003 , Ruan et al., 2008 . With the addition of a craving criterion to the DSM-5, the current study provides timely evidence of novel associations between childhood maltreatment, stressful life events and alcohol craving in a general population of adult drinkers.
Childhood maltreatment is a potentially preventable exposure that appears to increase the salience of stressors experienced throughout adulthood. Enhanced surveillance and early identification of childhood maltreatment may help prevent the development of stress sensitivity to craving and other adverse outcomes (Hyman et al., 2007) . Although craving is increasingly considered a viable target for pharmacological treatments (Kalk and LingfordHughes, 2012), our findings are consistent with well-established and effective behavioral intervention techniques (Marlatt and Donovan, 2005, Carroll, 1998 ) that help patients understand and manage the relationship between stress and craving. Given our results in the general population, public education programs could increase public awareness of the relationship of stress and stress sensitivity to severe alcohol craving, potentially reducing the risk for alcohol problems by suggesting techniques to better manage stress, especially among those most vulnerable to its effects due to adverse childhood exposures.
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